Secreted protein acidic and rich in cysteine͞osteonectin͞BM-40 (SPARC) is a matrix-associated protein that elicits changes in cell shape, inhibits cell-cycle progression, and influences the synthesis of extracellular matrix (ECM). The absence of SPARC in mice gives rise to aberrations in the structure and composition of the ECM that result in generation of cataracts, development of severe osteopenia, and accelerated closure of dermal wounds. In this report we show that SPARC-null mice have greater deposits of s.c. fat and larger epididymal fat pads in comparison with wild-type mice. Similar to earlier studies of SPARC-null dermis, we observed a reduction in collagen I in SPARC-null fat pads in comparison with wild-type. Although elevated levels of serum leptin were observed in SPARC-null mice, their overall body weights were not significantly different from those of wild-type counterparts. The diameters of adipocytes from SPARC-null versus wild-type epididymal fat pads were 252 ؎ 61 and 161 ؎ 33 m (means ؎ SD), respectively, and there was an increase in adipocyte number within SPARC-null fat pads in comparison with wild-type pads. Thus the absence of SPARC appears to result in an increase in the size of individual adipocytes as well as an increase in the number of adipocytes per fat pad. In fat pads isolated from wild-type mice, SPARC mRNA was associated with both the stromal͞vascular and adipocyte fractions. We propose that SPARC limits the accumulation of adipose tissue in mice in part through its demonstrated effects on the regulation of cell shape and production of ECM.
S
ecreted protein acidic and rich in cysteine͞osteonectin͞BM-40 (SPARC) is a prototype of a group of proteins referred to as matricellular, proteins that associate with the extracellular matrix (ECM) but, unlike laminin and most collagens, probably do not contribute significantly to its structural integrity (1) . SPARC consists of three modular domains: a low-affinity, high-capacity Ca 2ϩ -binding, N-terminal domain, a central region with a follistatin-like domain, and a C-terminal domain that contains a high-affinity Ca 2ϩ -binding EF hand (2) . The C-terminal region of the protein has been implicated in ECM binding and cell-surface interaction. SPARC inhibits cell-cycle progression and induces cell rounding in a variety of cultured cells (3) . Although expression of SPARC is high during development, adult tissues exhibit diminished levels of SPARC with the exception of those in which active turnover of the ECM is ongoing (4) . For example, gut epithelia and bone display high levels of SPARC expression throughout adulthood. Processes such as angiogenesis, wound healing, and some metastases that require restructuring of the ECM are also associated with elevated production of SPARC. Thus, SPARC has been implicated as a modulator of cell-matrix interaction, particularly during matrix remodeling.
SPARC-null mice display early onset cataractogenesis and osteopenia as well as accelerated wound closure in response to dermal excisional wounding (5) (6) (7) (8) . Perturbations in the structure and composition of the ECM in the absence of SPARC have been implicated in each of these phenotypic abnormalities. For example, the SPARC-null dermal collagenous ECM is comprised of aberrant collagen fibrils, with a significant reduction in the collagen content of the skin (8) . The basis for accelerated wound closure in these animals is thought to result from a dermal ECM more amenable to contraction in comparison with that of wild-type dermis. In addition, s.c.-implanted polyvinyl alcohol sponges, a model of angiogenesis in vivo, display accelerated fibrovascular invasion in SPARC-null mice in comparison with wild-type controls (9) . Hence the SPARC-null dermal milieu seems to present a more favorable environment for neovascularization of implanted materials relative to that of wild-type mice.
Differentiation of mesenchymal stem cells into adipocytes is accompanied by a notable shift in the profile of ECM protein expression. Whereas stem cells or preadipocytes express primarily stromal ECM components such as fibronectin and collagen I, differentiated adipocytes synthesize primarily basement membrane-type ECM proteins such as laminin and collagen IV (10) . ECM-degrading enzymes also contribute to adipogenesis. A plasma kallikrein-dependent plasminogen cascade, as well as stromelysin 1 (matrix metalloproteinase 3) have been implicated recently in the generation of adipose tissue during mammary-gland involution (11, 12) . Presumably, the capacity to remodel the ECM that surrounds preadipocytes influences the differentiation of stem cells into adipocytes. The mechanism(s) by which ECM might affect adipocyte differentiation and adipose accumulation are relatively unexplored. In this report we show that the absence of the matrixassociated protein SPARC in mice resulted in increased adipose tissue without substantial increases in overall body weight. Consistent with findings in other tissues (4), the structure and composition of the ECM appear altered within the adipose tissue of mice lacking SPARC. Although the SPARC-null mouse is not a model of obesity, it seems to compensate for the loss of connective tissue (e.g., collagen I) by an accumulation of adipose tissue, especially in the dermis.
Materials and Methods
Mice. SPARC-null mice were generated as described (5) . C57Bl6͞ 129SVJ wild-type and SPARC-null mice were housed in a modified specific pathogen-free facility and fed a standard 4% chow diet ad libitum. Mice were weighed at specified intervals. Epididymal fat pads were isolated from age-matched wild-type and SPARC-null mice at various ages and weighed as pairs. Blood was collected by cardiac puncture on anesthetized animals after 4-6 h of food deprivation. Leptin levels were assessed by Ani Lytics (Gaithersburg, MD) as part of a blood analysis that included glucose, cholesterol, high-density lipoprotein, insulin, and triglyceride levels among other metabolic indicators.
Quantification of Adipocyte Size and Number. Stromal͞fat tissue separation was carried out by a method similar to that described by Gregoire et al. (13) . Seven epididymal fat pads were isolated from age-matched SPARC-null and wild-type mice and treated with 500 units͞ml bacterial collagenase type II (Sigma), in saline with 2% BSA, with agitation for 1 h at 37°C. The filtrate was centrifuged at 800 rpm for 10 min at 4°C in a Beckman GPKR centrifuge. The fat fraction was collected from the top of the centrifuge tube, and the stromal͞vascular material was collected as a pellet from the bottom of the tube (see below). Equal volumes of wild-type and SPARC-null adipocyte fractions were counted by hemocytometer to determine cell number per fat pad. Four representative hemocytometer fields were photographed from each mouse for quantification of adipocyte size. Images of the fields were scanned into the NIH IMAGE software program, and the diameter of each adipocyte was measured. It was noted that very large adipocytes, primarily in the SPARC-null samples, were not able to diffuse under the glass and remained in the trough of the hemocytometer; these cells were not present in substantial numbers. In effect, however, the number of SPARC-null adipocytes was slightly underrepresented. Total DNA was isolated from fat pads (three per genotype) or adipocyte suspensions (three per genotype) by using DNAzol (Life Technologies, Rockville, MD) according to manufacturer instructions. Quantification of DNA content was determined fluorimetrically with Hoechst 33258 stain (Sigma) (14) .
Analysis of Collagen I Production. Equivalent weights of fat pads isolated from age-matched wild-type and SPARC-null mice were suspended in 0.15 M NaCl with protease inhibitors (Roche Molecular Biochemicals) in a Dounce homogenizer. Cellular material was separated from lipids by centrifugation at 3,000 ϫ g. The pellets were extracted with cold 0.5 M acetic acid at 4°C for 18 h. Soluble material was collected after centrifugation at 12,000 ϫ g for 15 min and subsequently lyophilized. Freeze-dried protein was resuspended in equal amounts of appropriate buffer for collagenase digestion, pepsin digestion, and͞or immunoblot analysis.
RT-PCR Analysis. Eight to 10 fat pads from both wild-type and SPARC-null adult mice were treated as described above except that digested fat pads were subjected to vigorous trituration and passed through a 100-m mesh before separation of the fat and stromal fractions by centrifugation. Both fractions were collected into separate tubes, washed, retriturated in fresh PBS, and finally centrifuged a second time at 800 rpm for 10 min at 4°C. As described previously, the fat tissue was removed from the top of the centrifuge tube, and the stromal͞vascular material was collected as a pellet. RNA was isolated from the fat and stromal͞vascular fractions with TriReagent (Molecular Research Center, Cincinnati) according to manufacturer instructions. RNAs were purified further and treated with DNase by the use of RNeasy minicolumns and DNase kits (Qiagen, Valencia, CA), respectively, according to manufacturer instructions.
Two micrograms of RNA were reverse-transcribed as described (15) in a 100-l reaction volume containing 400 units of Moloney murine leukemia virus reverse transcriptase and buffer (Promega)͞ 1.9 g of oligo dT15 (Invitrogen)͞1 mM each dNTP (Promega). The reactions were carried out for 1 h at 42°C and stored at Ϫ20°C.
PCR was carried out as described (15) . Two microliters of the reverse-transcription reactions was added to the 20-l PCRs containing 1 unit of AmpliTAQ Gold (Applied Biosystems), 400 nM each primer, 200 M each dNTP, and 1.5 mM MgCl 2 in a buffer supplied with AmpliTAQ Gold. The standard reaction had a precycling incubation at 94°C for 12 min followed by variable cycles of 95°C for 45 sec, 65°C for 59 sec, and 72°C for 120 sec. The reactions were given a final incubation at 72°C for 8 min and maintained at 4°C. Analysis was carried out on 1.2% agarose electrophoretic gels using ethidium bromide and UV transillumination to detect the DNA bands. Images were captured by a digital imaging system (Ultra-Lum, Claremont, CA).
The PCR primers (Invitrogen) used in this study were of our own design and represented the sequences (forward and reverse) SPARC (5Ј-GTCCCACACTGAGCTGGC-3Ј and 5Ј-AAGCA-CAGAGTCTGGGTGAGTG-3Ј), leptin (5Ј-ATGTGCTG-GAGACCCCTGTG-3Ј and 5Ј-TCAGCATTCAGGGCTAA-CATCC-3Ј), peroxisome proliferator-activated receptor ␥2 (5Ј-GGAGATTCTCCTGTTGACCCAG-3Ј and 5Ј-GGCACT-CAATGGCCATGAG-3Ј), vascular endothelial cadherin (5Ј-GCTGATCATCCTTGCGGAG-3Ј and 5Ј-GTAGATGTG-CAGTGTGTCGTATGG-3Ј), and cyclophilin A (5Ј-GGTCAAC- CCCACCGTTGTT-3Ј and 5Ј-GCTCTCCTGAGCTACAGAAG-GAAT-3Ј).
Results
Our initial observation that SPARC-null skin had an increased adipose component was made when skin was excised from the mice and placed in dissection solution containing trypsin for isolation of dermal fibroblasts. As shown in Fig. 1C , the skin from SPARC-null mice floated in solution, whereas the skin removed from wild-type age-matched counterparts did not. Sections of skin from 5-month-old SPARC-null mice revealed a substantial increase in the subdermal adipose layer (Fig. 1E ) in comparison with that of wild-type animals (Fig. 1D) . To determine whether the increased fat deposition observed in SPARCnull animals was confined to skin, we isolated and weighed epididymal fat pads from male mice. There was a significant increase in the size of SPARC-null fat pads in comparison with those of wild-type animals ( Fig. 1 B and A, respectively) . However, histological examination of major organs including liver, lung, and kidney did not reveal differences in fat deposition relative to wild-type controls (data not shown).
The differences observed in fat deposition (primarily dermal and interorgan) were not reflected in the overall body weight of SPARC-null mice. For example, the fat pads shown in Fig. 1 were isolated from mice of similar age and weight (7 months of age; SPARC null, 30 g; wild type, 29 g). The compensation in body weight in SPARC-null mice reflects in part in the substantial loss of bone that has been reported in these animals (7) . Another potential target for compensatory weight loss in SPARC-null mice is muscle (A.D.B., T. Nagy, and E.H.S., unpublished experiments). In addition, the decreased mass of connective tissue in SPARC-null skin ( Fig. 1 D versus E , stained blue) compensates in part for the increased mass of s.c. fat. Levels of collagen I, a primary component of connective tissue, were measured in fat pads from wild-type and SPARC-null mice of comparable ages. Shown in Fig. 2 are acetic acid-soluble proteins extracted from equal amounts of wild-type (lane 1) and SPARCnull (lanes 2 and 3) fat pads that were subjected to pepsin digestion. The arrows indicate protein bands designated as collagen ␣1(I) and ␣2(I) based on their mobility on SDS͞PAGE, sensitivity to bacterial collagenase, resistance to pepsin, and immunoreactivity with anticollagen I antibodies (data not shown). We observed a decrease in the amount of collagen I present in SPARC-null versus wild-type fat pads, whereas equivalent amounts of total protein were present in both extracts (as assessed by Coomassie blue stain of control samples and immunoblot analysis of tubulin, not shown). Thus the increased size of epididymal fat pads in SPARC-null mice was associated with decreased levels of collagen I relative to those measured in wild-type pads.
Overall body weights were determined as a function of increasing age. Shown in Fig. 3A are data from male mice given a standard 4% fat chow diet ad libitum. A weight-gain curve generated for female mice reflected similar results. The SPARC-null mice did not show significant differences in weight, although a slight increase in weight over the wild-type mice was observed at each age. In general, the overall weight of the SPARC-null mice was more variable at each time point; therefore, there was an increase in the standard deviation at each age. At no time did we observe any incidence of obesity in these mice. The largest SPARC-null male mouse to date weighed Ͻ35 g (the colony has been maintained Ͼ5 years). We also did not observe differences in the quantity of food consumed by the SPARC-null animals in comparison with wild type. Whereas significant differences in the overall weights of SPARCnull versus wild-type mice were not observed, the accumulation of adipose tissue in the skin and fat pads appeared to increase with age. Shown in Table 1 are comparisons of epididymal fat-pad weights as a percentage of overall body weight. As the male mice Fig. 3 . SPARC-null and wild-type mice do not exhibit significant differences in overall body weight but do show increased levels of serum leptin with advancing age. (A) SPARC-null (F) and wild-type (ᮀ) mice housed under identical conditions and fed a 4% fat chow diet ad libitum did not show differences in overall weight gain over time. Ten mice or more were used to generate each time point. Error bars represent the standard deviation of the mean. (B) SPARC-null mice show increased levels of serum leptin with advancing age. Wild-type (open bars) and SPARC-null (black bars) mice were subjected to cardiac puncture 4 -6 h after food deprivation. Whereas insulin, glucose, cholesterol, high-density lipoprotein, and triglyceride levels showed no significant differences between genotypes, leptin levels at older ages were increased substantially over those of age-matched, wild-type controls. Leptin levels (ng͞ml) were normalized to individual body weights and are expressed as percentages of total body weight. The average weights of the mice at 10 weeks were 22.4 g (Ϯ1) (wild type) and 22.8 g (Ϯ1.4) (SPARC-null) and at Ͼ6 months 22.9 g (Ϯ3) (wild type) and 24.7 g (Ϯ3.4) (SPARC-null). Four mice for each genotype at 10 weeks and at least seven mice at Ͼ6 months contributed to the results. Error bars represent the standard error of the mean. * , P ϭ 0.003 for Ͼ6 months.
aged, more substantial differences in the size and weight of the fat pad were observed. At 4 months the ratio of fat pad to total body weight in the SPARC-null mice (expressed as a percentage) was 1.7% as opposed to 1.2% for wild-type males. However, at 6 months the SPARC-null value increased to 3.7%, whereas the wild-type mice increased only minimally (to 1.5%). Similar results were observed with s.c. adipose deposition in that the thickness of the subdermal fat layer became more substantial in SPARC-null mice over time, whereas only subtle differences were seen in the thickness of the wild-type fat layer over the same period (data not shown).
To determine whether serum indicators of increased adiposity were altered in SPARC-null mice, we subjected blood from 26 animals to laboratory analysis for specific proteins and metabolites. Although no differences were noted in the circulating amounts of glucose, insulin, cholesterol, high-density lipoprotein, and triglycerides, there was a significant increase in the level of serum leptin in the SPARC-null animals at 6-8 months of age (Fig. 3B ). In accordance with the age-dependent accumulation of fat, serum leptin levels at early ages (10 weeks) did not exhibit significant differences between the two genotypes. Because leptin is synthesized and secreted primarily by differentiated adipocytes, the increase in serum leptin levels in SPARC-null animals most likely reflected the increased fat deposits of these mice in comparison with wild-type animals (16).
The absence of SPARC was predicted to influence the size and͞or number of adipocytes. Accordingly, we digested epididymal pads from 6-month-old SPARC-null and wild-type mice with collagenase and isolated adipocytes for quantification. Although the total number of adipocytes per fat pad was increased in SPARC-null over wild-type mice (25,280 vs. 10,080, respectively), the number of fat cells per gram of tissue was decreased (28,000 vs. 49,830, respectively) ( Tables 2 and 3 . Thus an equal portion of a SPARC-null fat pad contained fewer adipocytes of greater size, in comparison with a wild-type fat pad. A comparison of the size distribution of isolated adipocytes is shown in Fig. 4 . Whereas smaller adipocytes (20-200 m in diameter) were represented similarly in wild-type and SPARC-null pads, larger adipocytes (200-500 m in diameter) were more prevalent in extracts from SPARC-null tissue. Few very large adipocytes (Ͼ500 m in diameter) were found in wild-type fat digests, whereas Ϸ5% of the cells in SPARC-null preparations were of this size. Consistent with an increase in the size of SPARC-null adipocytes over that of wild-type, quantification of DNA from fat pads and isolated adipocytes revealed more DNA per gram of tissue in wild-type relative to SPARC-null tissue and cells (18-34% lower DNA levels in null fat pads per gram of tissue, Ϸ13% lower DNA levels in null adipocytes per gram of tissue). Whereas the number of adipocytes in SPARC-null fat pads was Ϸ2.5 times that in wild-type pads, the difference in mass was Ϸ4-fold for the subset of 6-month-old fat pads used for quantification of adipocyte number (Tables 2 and 3 ). Hence we conclude that the substantial increase observed in SPARC-null relative to wild-type adipose tissue results from an increase in adipocyte size coupled with an increase in the overall number of adipocytes in the fat pad.
To ascertain how the absence of SPARC might affect accumulation of adipose tissue, we examined the levels of SPARC mRNA in separate fractions of epididymal fat pads. As shown in Fig. 5 , total mRNA isolated from the fat fraction contained the adipose-specific mRNAs leptin and peroxisome proliferator-activated receptor ␥ (PPAR␥), both of which were absent from the stromal͞vascular fraction (16, 17) . Although the stromal͞vascular isolate showed little if any fat-cell contamination, the fat fraction most likely contained low levels of stroma͞vasculature, because the endothelial-specific marker vascular endothelial-cadherin and smooth muscle cell marker, smooth muscle ␣-actin, were reduced greatly in the fat fraction but still detectable by PCR (18) . Expression of SPARC Epididymal fat pads were removed from age-matched wild-type and SPARC-null mice and weighed in pairs. *Ratio of pad weight to body weight ϫ 100. † Mean Ϯ SD. ‡ P values: 4 months, 0.001; 5 months, 0.0002; 6 months, 0.006. *Six-month-old mice were used for quantification. The column indicates animal identification number. † One fat pad per animal was used for quantification. ‡ P ϭ 0.03. § Volume ϭ 4͞3 r 3 .
was found principally in association with the stromal͞vascular fraction, although lower levels of SPARC mRNA were also detectable in association with the adipocyte fraction. Although the presence of SPARC mRNA in the stromal͞vascular fraction was predicted, based on previous characterization of SPARCexpression patterns (3), the production of SPARC by adipocytes was surprising. Each adipocyte synthesizes a basal lamina that invests the cell (10). The absence of SPARC expression in mice might therefore result in an altered stromal ECM that favors adipocyte differentiation, and͞or the absence of SPARC in basal laminae surrounding mature adipocytes might confer a more permissive environment for fat expansion.
Discussion
We have reported an increase in fat deposition in mice with a targeted deletion of the SPARC gene. Greater adipose accumulation was not accompanied by significant increases in the overall body weight, reinforcing the observation that the SPARC-null mouse is not a model of obesity. In SPARC-null dermis, maintenance of weight in the presence of fat accumulation was attributed to a loss of connective tissue, e.g., collagen I. Clearly the substantial osteopenia in these mice is also a contributing factor (7) . Enhanced levels of serum leptin paralleled larger deposits of fat, both of which were augmented with age. The expansion of epididymal fat pads was attributed to an increase in the average size of SPARC-null adipocytes (a higher frequency of larger adipocytes), coupled with a greater number of adipocytes per fat pad. Although the studies reported here were carried out in C57Bl6 ϫ 129SVJ mice, similar expansion of white-fat depots was also observed in 129SVJ SPARC-null animals. In this regard, it is interesting that another major phenotype of SPARC-null mice, cataract formation, was found to be 100% penetrant in three different strains of mice lacking SPARC (5, 6) .
The number of adipocytes corrected for the weight of each fat pad was decreased in SPARC-null relative to wild-type mice (Tables 2 and 3) . Interestingly, there seemed to be a reverse correlation between the average diameter of adipocytes and the cell number per fat pad. In both wild-type and SPARC-null mice, the larger fat pads generally contained fewer adipocytes per gram of tissue in comparison with the smaller fat pads, but the cells exhibited greater diameters (Tables 2 and 3 ). We observed a 2.5-fold increase in the number of adipocytes per SPARC-null fat pad; however, the increase in overall mass of the fat pads in the absence of SPARC was Ϸ4-fold at 6 months (Tables 2 and 3 ). The increase in diameter of the SPARC-null adipocytes resulted in a Fat pads were fractionated into stromal͞vascular and adipocyte compartments, and RNA was isolated for RT-PCR analysis (see Materials and Methods). The purity of the stromal͞vascular and adipocyte fractions was confirmed by analysis of known tissue-specific genes. The fat fraction contained mRNA encoding peroxisome proliferator-activated receptor ␥ (PPAR␥) and leptin, whereas the stromal͞vascular component contained mRNA encoding vascular endothelial (VE)-cadherin (endothelial cells) and smooth muscle (SM) ␣-actin (smooth muscle cells). That the stromal͞vascular component was devoid of detectable fat-specific genes at the number of cycles used indicated very little, if any, fat contamination in this fraction. However, the fat fraction did contain low levels of stromal͞vascular-specific mRNAs. The mRNA encoding cyclophilin A, a constitutively expressed peptidyl-prolyl isomerase (25) , was used as a control to ensure equal starting amounts of mRNA from each fraction. WT, wild type.
4-fold increase in the volume of SPARC-null relative to wild-type cells. DNA quantification performed on intact fat pads as well as on isolated adipocytes supported the conclusion that the SPARCnull pads contained lower numbers of cells per gram of tissue.
The larger size of the fat pads in the absence of SPARC seems to depend less on the differentiation of preadipocytes to adipocytes than on the maturation of differentiated adipocytes. In support of this proposal, we did not observe differential expression of the preadipocyte-specific mRNA encoding pref-1 in SPARC-null versus wild-type stromal fractions by RT-PCR analysis (data not shown and ref. 19 ). The time course of fat-pad expansion that occurs in SPARC-null adult animals is more consistent with an effect on adipocyte maturation as opposed to significant differences in adipogenesis that would be expected in the first 1-3 months postpartum.
To date, the majority of phenotypic abnormalities reported in the SPARC-null mice are characterized by a perturbation in ECM structure and composition. In addition to the diminished collagen type I expression reported in SPARC-null mesangial cells (20) , the dermis of SPARC-null mice also showed a substantial reduction in collagen type I (8) . The decrease in collagen content, as determined by hydroxyproline analysis in SPARC-null skin, is progressive and at 6 months of age was found to be approximately half that of wild-type skin (8, 21) . Similarly, we observed a decrease in collagen I protein per gram of tissue in SPARC-null fat pads in comparison with wild-type (Fig. 2) . The similar reduction in collagen content of SPARC-null versus wild-type adipose tissue was substantiated by quantification of hydroxyproline levels in epididymal fat pads (data not shown). We predict that a decrease in the amount of fibrillar collagen in the fat pads, i.e., stromal compartmentalization, leads to a more permissive environment for adipocyte expansion over time. Recently, Lijnen et al. (22) reported that inhibition of matrix metalloproteinases in mice fed a high-fat diet led to significantly smaller gonadal fat pads. An increase in total collagen content and the presence of a distinct collagen cap were observed in animals treated with a matrix metalloproteinase inhibitor (22) . Thus, increased collagen deposition was associated with smaller fat deposits. This finding is consistent with the decreased collagen content that we observed in SPARC-null mice that have larger fat pads than their wild-type counterparts.
An effect on the fibrillar collagen content of the fat pads does not preclude a function for SPARC in the organization of adipocyte basal laminae. Alterations in the distribution of both laminin and collagen IV in the basement membrane of the lens capsule in SPARC-null mice indicate that altered ECM deposition in the absence of SPARC impedes lens epithelial cell function and contributes to cataract formation (23) .
SPARC is an ECM-associated protein (without proteinase activity) in which transgenic ablation of expression has led to an effect on adipose accumulation. SPARC is consistently observed in remodeling tissues in which turnover of the ECM is critical for tissue function. The differentiation of stromal stem cells to adipocytes also relies on a phase of ECM remodeling. Perhaps the absence of SPARC leads to disruption of ECM structure and composition in the connective tissue of the stromal͞vascular fraction and͞or in the basal lamina surrounding each adipocyte. Tartare-Deckert et al. (24) have reported an increase in SPARC mRNA in adipose tissue of ob͞ob mice as well as in animals with diet-or drug-induced obesity in comparison with lean mice. SPARC apparently is not required for hypertrophic fat accumulation, because SPARC-null mice displayed increased adipose depots. Its heightened expression in the models of obesity might reflect the enhanced remodeling and synthesis of connective tissue that are typically associated with weight gain. SPARC-null animals, however, might be resistant to obesity when given a high-fat diet.
Expression of SPARC by both the stromal͞vascular and adipocyte fractions of fat pads indicates that SPARC might have a dual function in adipose tissue. Perhaps the absence of SPARC influences adipocyte size in lean mice by perturbation of the surrounding ECM, whereas in obesity, expression of SPARC by adipocytes accompanies fat expansion as cells increase basal lamina deposition in association with increased adipocyte growth. Although the function of SPARC in adipose tissue is apparently complex, it is clearly able to influence adipose accretion and as such introduces an exciting area of research in the control of fat deposition by ECM and matricellular proteins.
